|EPA Advanced KM TEQ Calculator’

[General struetions: Jpassword 3

y to this Advanced Kapl (KM) Toxicity Equivalent (TEQ) calculator, which includes calculations that suppo simple, quasi-
sensitivity analysis that examines the effect of various ways of handling nondetected (ND) or rejected (R-flagged) analytical data results within a sample's
congener profile. A Basic version of this calculator is also available for TEQ analyses uncomplicated by high-TEF non-detected congeners of rejected data. The

Basic version is also structured to assist TEQ analysis for incremental samples.
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EPA Advanced KM TEQ Calculator

This material is reproduced from the discussion (27Sep10 version) presented in Appendix 4 of the dioxi

Appendix 4: Calculation of Total Dioxin TEQs with Nondetect
and Rejected Congeners

Helsel’s Kaplan-Meier Approach

Calculation of sums or totals for multi-constituent chemicals [e.g . total dioxin TEQs,
total PCBs_ total polvevclic aromatic hvdrocarbons (PAHS), etc ] has tvpically invelved
simple substitution of zero, one-half the detection limit (DL}, or the DL for lefi-censored
(nondetect or less-than values) congeners. Becanse this practice introduces bias to
estimates used in statistical calculations. however, manv sources now strongly
recommend against the use of arbitrarv surrogate values fornondetects (Helsel 1990,
2005a, 2005b, 2009; EPA 2006. 2009a, 2009b).

Helsel (2009) desaibes an approach for calculating totals using the KM product limit
estimator, which is based on the following relationship between the “mean™ of the toxic
equivalence concentrations (TECs) and total TEQ for samples containing multiple
COngeners:

total concentration = “mean” TEC x n  (where nis the number of congeners)

Note that this “mean™ TEC is an intermediate value in the calculation that has no
relationship to a mean TEQ for replicate DU samples. The KM estimatoris a
nonparametric maximum likelihood estimator that has been widelv used in survival and
failure analvsis for more than 50 vears (Kaplan and Meier 1958, Klein and Moeschberger
2003, Meeker and Escobar 1998). The KM estimator has only recently come into use in
environmental assessment studies (Helsel 2005a). and is cumrently a defanlt method used in
EPA’s ProUCL software for calculating the 95% UCL of themean for data with one or
more censored results (EPA 2009a 20050}

Treatment of Nondetected Congeners

For the purposes of this dioxin reassessment UFP-QAPP template, the intermediate KM
“mean” is recommended for use in calculating total dioxin TEQs. using the general
equation presented above, in all cases where a) some fraction of the congeners are
nondetect, and b) there are at least three detected congeners. Additional guidelines for
calculating the KM intermediate “mean™ are provided below. If all congeners are detected,
then the intermediate “mean”™ calculated bv the equation is the arithmetic average of all the
congeners’ TECs.

If onlv one ortwo congeners are detected, then there is no statisticallv satisfactorv method
for calculating the dioxin TEQ that adequatelv accounts for the uncertainty introduced by
nondetect congener results. In this case, the intermediate “mean” should be calculated as
the arithmetical average. where simple substitution is used for nondetects. A quasi-
sensitivity analysis approach is recommended, wherein substitution of both zero and the
DL are used to calculate lower- and upper-bound estimates for the total TEQ. Compare the



recommended Cases where only one or two congeners are detected are discussed above.
Lastly, Helsel (2009) recommends that for left-censored environmental data, Efron’s bias
correction should alwaysbeused This simply requires that the minimum result alwavs
be reated as a detected result. The manner in which Efron’s bias correctionis
incorporatedin calculations of the KM mean depends on the specific software or
approachused For example, for programs that require a “flag™ to distinguish between
detected and nondetect data, one onlvneeds to usethe appropriate flag for detected data
to qualifv the minimum result(s).

Three options are described below for calculation of the EM mean:

(1) Helsel’s KM Excel spreadsheet model (available from www practicalstats com).
This spreadsheet has been built into a workbook designed specifically for calculating
the TEQ from raw data congener conceniration data. Raw data are entered into one
spreadsheet. which automatically calculates the toxic equivalent concentration
{(TEC) for each congener. The TECs are copied and pasted into a second spreadshest
in the workbook that performs the KM calculation. This produces an intermediate
value (the EM “mean™)whichis transferred back to the first spreadsheet. The
intermediate result is then automatically multiplied bw the number of congeners to
produce the total TEQ for the sample. Detailed instructions for using the
spreadsheets are included in the Excel workbook's spreadsheets.

(2) Alternativelv, EPA"s ProUCL sofiware mavbe used Before estimates of the KM
intermediate “mean™ TEC can be calculated. the congener concentration results (in
ppt) must be converted to congener TECs by multiplving each congener bvits TEF.
This must be done independently before the TECs are put into ProUCL for the KM
calculation. (ProUCL cannot do the TEC calculation ) The TECs are then entered
into ProUCL and the KM intermediate “mean”™ is automaticallv calculated for data
sets with one or more nondetect results. EPA (2009, 2009b) should be consulted
for instructions for entering data into ProUCL, since a coding procedure must be
used in ProUCL to “tell it™ which congener TECs were from ND values. Note that
in order to use Efron’s bias correction. the minimum result should be coded as a
detected result. If intermediate “means™ are required for multiple samples, then each
sample needs to beidentified using a “grouping’” variable (see EPA 2009a). For
each sample, the KM intermediate “mean”™ will need to be extracted from the
ProUCL report, and manually multiplied bwv the number of congeners to produce the
total TEQ result for that sample.

(3) Commercial or other statistical software. The EMmodel is included in many
mainstream statistical software packages_ as well as public domain (including the B
language) programs. Helsel (2005a) discusses an approach for “flipping™ data for
use in commercial packages, which emphasize treatment of right-censored data.
Expenienced users may elect to use alternative approaches for calculation ofthe KM
intermediate “mean” but must use methods emploving Efron’s bias correction. and
must demonstrate that results are comparable to the intermediate “means™ calculated
using Options (1) or (2) above.

elect to perform a gquasi-sensitivity analvsis by calculating TEQ without the EMPC
values. As forrejected data, significant effects from EMPC values mav require
corrective action to improve data qualitv (such as sample reanalvsis).

Therefore. for conoeners that are influental (hish-toxicitv. TEF close to 1. or hich
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concentration) in calculations of the intermediate “mean™ and total TEQ, rejected and
qualified data mavrequire further evaluation by projectteams. The uncertainty of
calculating total TEQs. as can be demonstrated through sensitivity analvses, should be
addressedin the uncertainty section of assessment documents, and taken into accountin

decision making.



n reassesment UFP-QAPP User Guide.

TEQs from both approaches to assess whether they have the same decision outcome.
Substimtion of one-halfthe DL can be used to calculate a “middle-of-the-road™ value,
although it should be acknowledzed that the uncertaintv of this estimate mav be
unacceptable for dedsion making.

In cases where critical decisions hinge on total TEQ estimates with mostly nondetect
results, project teams are advised to consider
* consulting personnel with expertisein statistics,
s reanalvzing existing samples (if archived samples are available and meet holding
times),
* comparing with results from nearbv similar DUs and the CSM. or
» collecting additional samples.

The stepwise KM approach for calculating the total dioxin TEQ forindividual samples is
described below:

Step 1. Calculate the TEC for each congener by multiplving the results for individual
congeners bv their congener-specific TEF (van den Berg and others 2006). For
nondetect congeners, the reporting limit or DL should be multiplied bv the TEF.

Step 2. Calculate the intermediate “mean™ TEC for each sample using a KM calculator
spreadsheet. If all the congeners are detected. then calculate the intermediate
value as the arithmetic mean. If nondetects are present and atleast three results
are detected, calculate the KM intermediate using one of the options described
below. If only one or two congeners are detected, use simple substitution and a
gquasi-sensitivity analysis approach, as discussed above.

Step 3. Calculate the total dioxin TEQ using: Total TEQ =intermediate “mean™ TEC x
n. where n is the number of congeners in the calculation

Helsel (2009) discusses several potential contraindications for calculation ofthe KM
mean. The first concerns cases where onlv a single DL is used for all nondetect
congeners. Thisisnot expectedto occur for calculation of total dioxin TEQs, since
results for individual congers are first multiplied by congener-specific TEFs. The second
contraindication is when the maximum reported resultis a nondetect_high-toxicity (i.e_,
TEF close to 1) congener. This is problematic, as the KM method will effectively ignore
maximum results that are censored. Helsel (2009) suggests that the DL be substituted in
these cases, but thatit should be acknowledged that this represents a worst-case scenario.
Anocther optionis to compare the congener concentration and congener profile of the
sample with a high TEF nondetect to results from similar (per the CSM) DUs. Ifthe
congener profiles are similar, but the other DUshave a detection for the congenerin
question, substitution of a value (straight substitution, an average of several, ora
maximum) from the other DUs may be made.

Helsel (2009) does not discuss the minimum number of detected results required to
estimate the KM mean, but a practical minimum ofthree detected results is



Treatment of R-Qualified Congeners

One additional component for assessing the uncertainty of estimates ofthe intermediate
KM “mean”™ and total TEQ, concemns treatment of rejected (R qualified) data. Itis
possible to rejectindividual congener analvtes based on ion abundance_the signal-to-
noise ratio, relative retention time, a low laboratory control sample result. gross blank
contamination_ or other analvte-specific criteria. For non-dioxin individual chemicals
with multiple-sample sample sets (i_e., sufficient sample-sizes to support calculations),
rejected data are alwavs exduded from calculationsin environmental assessments.
However, for calculation ofthe “mean™ (and total) for a set of congeners, thereis concem
that exclusion ofrejected data mav bias estimates low or create a need for replacement
data (resampling or reanalvsis). The magnitude (and importance) of this bias will of
course depend on the values reported for B-gualified data_ as well as the congener-
specific TEFs.

Although rejected data shouldnot be included in final calculations of TEQ for a given
sampling or decision unit, rejected data values (concentrations or detection limits) can be
included in KM “mean™ and total TEQ calculations early in the data evaluation process.
These TEQs can be compared to TEQs calculated with the rejected values removed This
quasi-sensitivity approach. similar to that recommended above for nondetect values, will
assist project teams in assessing the magnitude of impacts from rejected data and the need
for replacement data (Replacement data mavrequire reanalvsis of samples at the
laboratory, with laboratory comrective actions or method refinements as needed. or the
collection of additional samples from the site). Bejected data can be firther evaluated
through professional judgment, such as whether a rejected congener mav be presentata
concentration that could affect the TEQ based on historical site information or data from
surrounding decision units. For example, project teams could use the KM calculator to
further assess how high the concentration of a rejected congener would have to be to
affectthe TEQ. and then compare this estimate to concentrations for this congener that
are present in other decision units, or in comparable historical data sets.

Treatment of EMPC values and gualified data

The CLP S0W for dioxin analvsis specifies the reporting of detected congeners as
“EMPC™ values (“estimated maximum possible concentration™) when a congener peakis
present at an acceptable signal-to-noise ratio, bution abundance criteria are not met for
definitive identification of that congener. The CLP SOW excludes these values from the
calculation of TEQ. EPA Method 82904 also specifies the reporting of EMPC values
but makes no recommendations concerning their use in TEQ calculations. EMPC values
are generally qualified as estimated concentrations (“T”) or nondetect values (“U™) during
data validation in accordance with EPA Functional Guiddines. When qualified “T™,
EMPC values can be applied along with other J-qualified congener results in TEQ
calculation and fisk assessment (J-qualified data are generallyv applied like unqualified
data under EPA risk assessment protocols). EMPC values qualified “T7™ can be treated as
other nondetect values using the KM approach described above. Giventhat use of EMPC
values mav overestimate the TEQ) and associated dioxin risk, project teams mayv again

References

Helsel. D.R. 1990. Less than obvious, statistical reamment of data below the detecion
limit Environmental Science and Technology. Volume 24, Number 12. Pages
1767 throuch 1774.



B i = e

Helsel, D R 20053 Nondetects and Data Analysis. Statistics for Censored
Environmental Data. John Wilev and Sons, Inc. Hoboken, NJ. 250 pages.

Helsel, D.R. 2005b. “More than Obvicus: Better Methods for Interpreting Nondetect
Data.™ Environmental Science and Technology. Volume 39, Number 20. Pages
419A through 423 A

Helsel, D R. 2009, “Summing Nondetects: Incorporating Low-Level Contaminants in

Risk Assessment. ™ Fnregrated Environmental Assessment and Management.
Volume 6. Number 3. Pages 361 through 366.

Kaplan, EL_  and P. Meier. 1958, “Nonparametric Estimator from Incomplete
Observations.” Jownal of the American Statistical Association. Volume 53, Pages
457 through 481.

Klein, J P and M. L. Moeschberger. 2003. Survival Analysis— Techniques for
Censored and Truncated Data. 2nd Edition. Statistics for Biologv and Health,
Springer Verlag. 560 pages.

Meeker, W.Q..and L A_Escobar. 1998. Statistical Methods for Beliabilitvy Data. Wiley
Series in Probability and Statistics. John Wilev & Sons. Inc. New York. New
York. 712 pages.

U.S. Environmental Protection Agency (EPA). 2006. “On the Computation of a 95%
Upper Confidence Limit of the Unknown Population Mean Based Upon Data Sets
with Below Detection Limit Observations.™ Singh, A Maichle. B . and 5.E. Leec.
EPA/'600R-06/022. March

EPA_2009a “ProUCL Version 4.00.04 Technical Guide (Draft) ™ Prepared bv A Singh
and A K_Singh. EPA/600/R-07/041. February.

EPA. 2009b. “ProUCL Version 40004 User Guide (Draft)”™ Singh. A__ B. Maichle,

A K Singh SE Lee and N. Armbva  Office of Research and Development.
National Exposure Research Laboratory. EPA/600/R-07/038. February.

Van den Berg, M. and others. (2006). “The 2005 World Health Organization

Reevaluation of Human and Mammalian Toxic Equvalency Factors for Dioxins and
Dioxin-Like Compounds ™ Toxicological Sciences. Volume 93, Number 2
223 through 241. On-Line Address: http:/epa-

. Pages
pres.oml. sov/chemicals help/documents vandenberg 2006 pdf




‘Advanced KM TEQ calculator for
performing quasi-sensitivity analyses

Chemical Sort Order:

Sample Notes.
Simplecase 1 Row A
Al detects value to use: Row B
1 congener TEC: Row C
donor value to use: Row D
donor TEC: Row E

Simple case
Al 29 congeners.
3

Simplecase  4: Row A

value 1o u
4 congener TEC:
donor value to use: Row
donor TEC:
High nondetect 51 Row A
o subs value to use:
5 congener TEC:
donor value to use:
donor TEC:
High nondetect
subs

High nondetect
25ubs

Alnondetect 8 Row A
no subs value to use: Row B
congener TEC: Row C
Row D
: Row E
Rejected data

Rejected data  10: Row A
subs value to use:
10 congener TEC:
donor TEC:

Rand high U
nosubs

Rand high U
subs

Example of eror

3

congener TEC.
donor value to use: Row
donor TEC:

donor TEC:

value.
34 congener TEC: Row C

Project Nam
Matri

Units

1000 100
100 10
100 . 1

100R  100R

Protectiunprotect sheet password = dioxin
SITE DATA

17 Y 38 068
17 36 38 068
051 ¥ 038 0068

54
54
051

(Quas) Sensitivity Analysis SECTION 2
Fighest TEC value s a NONDETECT (‘U or 'ND?), and there are o
rejected ('RY) values
Treatment 1: TG

Make highest Uvalueap | Substitute comparable *donor*

Qualifier and
KMTEQ _Qualifier Fractions

224060 224060

1216060 121.6060

:----- —
1216060 |Not calculated results. Refer to ND&R
‘worksheet for discussion.
2116060  211.6060 31,6060 J
Qualfied
IDioxin/F i joxin/Furan

123340 138950 154577
Qualiied 27%
Dioxin/Furan 100%

Qualfied 8%

Dioxin/Furan 100%
1365 13897272 14144544 |Not calculated D4R
worksheet for discussion.




‘Advanced KM TEQ calculalor for SITE DATA
performing quasi-sensitivity analyses

Chemical Sort Order:

Sample Notes.

value to use: Row B

40 congener TEC: Row C
donor value to use: Row D
donor TEC: Row £

value to use: Row B

44 congener TEC: Row C
donor value to use: Row D
donor TEC: Row £

List of TEQ results to copy and paste into other

spreadsheets, such as ProUCL

CAUTION: double-check entries and gray cells for
ries

738

#50




,EDA Advanced KM TEQ Calculator

congener TEC 4 Detects _# Nondstects _ Quantiles
29 f o Coa1

KiStats v 14 pracical Stas:
Input data to the blue cells, then sortfrom hidhest to lowest
concentration. Concentrations and detection limits n Col A.
Number t each concentration in Col B

Number of nondetects at each DL in Col .

(0336 W intermediate “mean™
05071
o168 | KWTEQ
0000 Tras02

For details on the Kaplan-Meier method, see
Helsel, D.R. (2012).
.

Wiey and Sons. 324

protecunprotec sheet passiord = doxin

Constant__Fiip Conc
29 a9

rank

ranksum

atrisk

partal prob
0.94117647

13 0.923076

02
12 0.91666667

0.8571428¢
083333333

0.94117647

For P50

Maxs0

Rows0

For P25
15

Maxzs,

Rowzs

For P75
w

Max7s,

Row?s

For Mean
°

24
o

062

059
o049
039
029

0.0252
o.022

Rectangles  Diffc

0.47058824
o

057
043

03

g

001
0.02
o1
o1
o1
0.05
0.057
01578
o.0032
0.022

Lage

0.04117647

0.16708643
o

20203077 2.20293077 001784156
220203077 173234253 001250421

73234253 o o

173234 o

122040136 0.84998959 0.0046313

084998058 076354163 0.00447467
oa5416 o o

054455075 026084952 0.00075603

0.26084932 o o
25412086 024069095 00010345
0.1818957 0.00078776

015149977 000057641
0.13149977 008950317 0.00040054
o o

o o
0.00053756 1.44486-07
o o

0.0005375¢



Abbreviation 1 |Abbreviation 2 IUPAC name CAS # Type
TCDD 2,3,7,8-TCDD 2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 Dioxin
PeCDD 1,2,3,7,8-PeCDD 1,2,3,7,8-Pentachlorodibenzo-p-dioxin 40321-76-4 Dioxin
1,4-HxCDD 1,2,3,4,7,8-HXCDD 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 Dioxin
1,6-HxCDD 1,2,3,6,7,8-HxCDD 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7 Dioxin
1,9-HxCDD 1,2,3,7,8,9-HxCDD 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 Dioxin
1,4,6-HpCDD 1,2,3,4,6,7,8-HpCDD |[1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 35822-39-4 Dioxin
OCDD 1,2,3,4,5,6,7,8-OCDD |Octachlorodibenzo-p-dioxin 3268-87-9 Dioxin
TCDF 2,3,7,8-TCDF 2,3,7,8-Tetrachlorodibenzofuran 51207-31-9 Furan
1-PeCDF 1,2,3,7,8-PeCDF 1,2,3,7,8-Pentachlorodibenzofuran 57117-41-6 Furan
4-PeCDF 2,3,4,7,8-PeCDF 2,3,4,7,8-Pentachlorodibenzofuran 57117-31-4 Furan
1,4-HxCDF 1,2,3,4,7,8-HXCDF 1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 Furan
1,6-HXCDF 1,2,3,6,7,8-HxCDF 1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 Furan
1,9-HxCDF 1,2,3,7,8,9-HxCDF 1,2,3,7,8,9-Hexachlorodibenzofuran 72918-21-9 Furan
4,6-HxCDF 2,3,4,6,7,8-HXCDF 2,3,4,6,7,8-Hexachlorodibenzofuran 60851-34-5 Furan
1,4,6-HpCDF 1,2,3,4,6,7,8-HpCDF [1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 Furan
1,4,9-HpCDF 1,2,3,4,7,8,9-HpCDF [1,2,3,4,7,8,9-Heptachlorodibenzofuran 55673-89-7 Furan
OCDF 1,2,3,4,5,6,7,8-OCDF |Octachlorodibenzofuran 39001-02-0 Furan
PCB 77 3,3,4,4-TCB 3,3',4,4'-Tetrachlorobiphenyl 32598-13-3 Dioxin-like PCB
PCB 81 3,4,4'5-TCB 3,4,4' 5-Tetrachlorobiphenyl 70362-50-4 Dioxin-like PCB
PCB 105 2,3,3',4,4'-PeCB 2,3,3',4,4'-Pentachlorobiphenyl 32598-14-4 Dioxin-like PCB
PCB 114 2,3,4,4'5-PeCB 2,3,4,4' 5-Pentachlorobiphenyl 74472-37-0 Dioxin-like PCB
PCB 118 2,3',4,4'5-PeCB 2,3',4,4' 5-Pentachlorobiphenyl 31508-00-6 Dioxin-like PCB
PCB 123 2,3',4,4'5'-PeCB 2,3',4,4' 5'-Pentachlorobiphenyl 65510-44-3 Dioxin-like PCB
PCB 126 3,3',4,4',5-PeCB 3,3',4,4' 5-Pentachlorobiphenyl 57465-28-8 Dioxin-like PCB
PCB 156 2,3,3',4,4'5-HxCB 2,3,3',4,4' 5-Hexachlorobiphenyl 38380-08-4 Dioxin-like PCB
PCB 157 2,3,3',4,4' 5'-HxCB 2,3,3',4,4' 5'-Hexachlorobiphenyl 69782-90-7 Dioxin-like PCB
PCB 167 2,3',4,4'5,5'-HxCB 2,3',4,4' 5,5'-Hexachlorobiphenyl 52663-72-6 Dioxin-like PCB
PCB 169 3,3',4,4'5,5-HxCB 3,3',4,4',5,5'-Hexachlorobiphenyl 32774-16-6 Dioxin-like PCB
PCB 189 2,3,3,4,455-HpCB |2,3,3',4,4',5,5'-Heptachlorobiphenyl 39635-31-9 Dioxin-like PCB




|Acronym List

A Data qualifier used to indicate an estimated result.
CAS Chemical abstracts service

CLP Contract Laboratory Program

CSM Conceptual site model

Ccv Coefficient of variation

DL Detection limit

DU Decision unit

E Data qualifier used to indicate an estimated result.
EMPC Estimated maximum (protocol) concentration
EPA U.S. Environmental Protection Agency

HpCDD  Heptachlorodibenzo(p)dioxin
HpCDF  Heptachlorodibenzofuran
HxCDD  Hexachlorodibenzo(p)dioxin
HxCDF Hexachlorodibenzofuran

ICS Incremental composite sample

ISM Incremental sampling methodology

ITRC Interstate Technology and Regulatory Council

J Data qualifier used to indicate an estimated result.
KM Kaplan-Meier

ND Nondetect

OCDD Octachlorodibenzo(p)dioxin
OCDF Octachlorodibenzofuran
PCB Polychlorinated biphenyl
PeCDD  Pentachlorodibenzo(p)dioxin
PeCDF Pentachlorodibenzofuran

QC Quiality control

R Data qualifier used to indicate a rejected result.
RSD Relative standard deviation

SD Standard deviation

SOW Scope of work
TCDD Tetrachlorodibenzo(p)dioxin

TCDF Tetrachlorodibenzofuran

TEC Toxic equivalent concentration

TEF Toxic equivalence factor

TEQ Toxic equivalents

] Data qualifier used to indicate a nondetected result.
UCL Upper confidence limit

WHO World Health Organization
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